Maize (Zea mays L.) is the cereal most produced in the world, due to its wide scope and utilization in human and animal diet. This study aims to evaluate the agronomic performance of intervarietal maize hybrids, as well as the linear associations, interrelations of cause and effect, and the genotypes dispersion through canonical variates. The experiment was conducted in the agricultural year of 2014/2015. The crosses that originated the hybrids were carried out on the growing season of 2013/2014 and hybrids evaluated on 2014/2015. The hybrids were arranged in randomized blocks, being 13 treatments with five repetitions. The measured characters were: plant height, spike insertion height, stem diameter, spike diameter, spike length, spike mass, number of rows of grains per spike, number of grains per row, cob diameter, cob mass, spike grains mass, mass of a thousand grains, gra in length and grain yield. The data were submitted to analysis of variance and mean values compared by the Tukey test at 5% of probability. The Pearson's linear correlation analysis and path analysis were performed using grain yield as a dependent character. Furthermore, the analysis of canonical variables was carried out. The hybrid H 5 : G3 X G4 revealed higher grain yield, spike grains mass, number of grains per row and spike diameter. Grain yield of intervarietal hybrids presented positive correlations with the traits such as stem diameter, spike diameter, spike length, number of grains per row, mass of a thousand grains, grain length and spike grains mass. Spike diameter and spike length presented higher direct effects on grain yield of intervarietal hybrids. The canonical variates revealed the formation of five phenotypically distinct groups of intervarietal hybrids.
Introduction
Maize (Zea mays) is the most produced cereal in the world due to its wide scope and utilization in human and animal diet. In Brazil, maize is the most produced cereal which corresponds to more than one third of the national grain production, and the production in the agricultural year 2015/2016 may surpass 83 million tons. The Brazilian average grain yield is close to 5,432 kg ha -1 , which is more than the Rio Grande do Sul state average of 3,627 kg ha -1 (Conab, 2016) . The productive performance of maize hybrids is closely related to biotic and abiotic effects, as well as the intrinsic features of each genotype . The selection of the hybrid that better adapts to environmental conditions, and cultural traits becomes fundamental, as it presents great influence in the final yield (Cruz and Carneiro, 2003; Pelegrin et al., 2017; . According to Miranda Filho et al. (1987) , hybrids may be classified as single-cross, modified single cross, triple-cross, modified triple cross, double-cross, top cross and intervarietal. In the actual agricultural scenario, the utilization of singlecross hybrids is usually emphasized due to their higher yield potential. However, single cross hybrid seeds have elevated costs, hindering the access of farmers with lower technological level (Doná et al., 2011; Demari et al., 2018) . Thus, triple, double, and intervarietal hybrids are important alternatives to farmers, once they may present higher phenotypic stability in unfavorable scenarios (Da Rosa et al., 2018) . Understanding of agronomic behavior and associations among traits are crucial to maize breeding, evidencing which genotypes and traits are determinant for the grain yield. On this context, the Pearson`s linear correlation coefficient allows to achieve the linear association tendency between two traits, allowing the breeders to guide the selection for determined characteristic (Moore, 2007; . Therefore, it is necessary to have knowledge about morphologic traits association and maize grain yield. It has been reported that close relation imposed by linear correlation results in unreliable estimates (Cruz et al., 2004; . On this way, it is necessary to analyze the interrelations, detailing the determining effects to the main trait. Therefore, path analysis promotes the correlation coefficient deployment in a cause and effect relation between traits (Cruz and Carneiro, 2003) . Aiming to comprehend the genetic variation between intervarietal hybrids, multivariate and canonical variate analyses may be used. It allows interpreting the measured traits in a simple and joint way, being represented by a bi or tridimensional graphic dispersion of the scores (Cruz et al., 2012) . Its results allow the grouping of similar genotypes (Cruz et al., 2012) . Therefore, this study aims to evaluate the agronomic performance of intervarietal maize hybrids, as well as the linear associations, interrelations of cause and effect, and the genotypes dispersion through canonical variates.
Results and discussion
The variance analysis revealed significance for the traits spike insertion height (SIH), stem diameter (STD), spike diameter (SD), spike length (SL), number of grains per row (NGR), mass of a thousand grains (MTG), spike grains mass (SGM), and grain yield (GY). Plant height (PH) cob diameter (CD), grain length (GL) and cob mass (CM) presented no significant differences among genotypes. The coefficient of variation is a measure of relative precision originated from standard deviation and arithmetic mean, which depends to the nature of the trait (Silva, 2003) . The traits plant height (PH), stem diameter (STD), spike diameter (SD), spike length (SL), and grain length (GL) presented coefficient of variation (CV) less than 10%, by which high experimental precision is attributed to these traits. The traits spike insertion height (SIH), and number of grains per row (NGR) evidenced mean experimental precision, with coefficients of variation ranging from 10 to 20 % (Pimentel Gomes, 2009 ). The traits spike grains mass (SGM) and grain yield (GY) presented higher coefficient of variation, more than 20%, being considered of low experimental precision according to the classification of Pimentel Gomes (2009) . However, Silva (2003) affirmed that interpretation of coefficient of variation must be carried out based on the scale of reference with coefficients of variation correspondent to the same trait measured in similar experiments, conducted with the same species and environmental conditions, where the levels of precision are known. Scapim et al. (1995) , proposed a method for classification of coefficient of variation of maize, in which the spike grains mass and grain yield showed mean experimental precision, evolving the particularities of the crop. For the trait spike insertion height (SIH), the cross (H 6 ): P 5 X P 4 evidenced the highest magnitude, differing from hybrids H 1 and H 4 ( Table 2) . Possamai et al. (2001) , reported that plants with higher spike insertion height have advantages for harvesting, elevating the efficiency of this operation at field. According to Silva et al. (2005) , the differences observed for spike insertion height are due to genetic divergences between genetic background of hybrids. However, this trait is greatly influenced by environment conditions and cultural traits. Thus, alterations may occur when the hybrids are cultivated in other environments. Stem diameter in plant structure supports inflorescence and leaves. Besides, it serves as storage of assimilates that will be used in reproductive period by plants, on grains formation (Fancelli and Dourado Neto, 2000) . The hybrids H 9 : P 4 X P 1 and H 11 : P 3 X P 1 evidenced the highest magnitudes for this trait (Table 2 ). It reveals that the utilization of the hybrid G1 as male genitor on crosses with the varieties G4 and G3 resulted on the increment of this trait. Thus, crossing a narrow genetic base hybrid with an open pollination variety tends to increment stem diameter. The performance of the hybrids for the traits spike grains mass (SGM) and grain yield were similar, where the hybrid H 5 : P 3 X P 4 was superior to H 12 : P 4 X P 2 and H 13 : P 1 X P 5. Thus, the crossing between two open pollination varieties (G3 x G4) resulted in a higher increment on grain yield presenting the greatest allelic complementarity, also associated with dominancy deviations (Miranda Filho, 1987) . Besides, the maternal effect was indirectly observed on the hybrids H 1 and H 12 , where the cross H 1 : G2 X G4 produced 1,304 kg ha -1 more than the hybrid H 12 : G4 X G2. The maternal effects are either associated with nuclear genes originated on the nucleus of the female genitor, and genes located on the chloroplasts and mitochondria (Ramalho et al., 2012) . For the trait number of grains per row (NGR), the hybrid H 5 was superior to the hybrids H 4 , H 12 and H 13, and for the other hybrids, no significant differences were observed. Study conducted by Vilela et al. (2012) , also observed significant differences among hybrids for this trait, linking this effect to the intrinsic genetic constitution of the hybrid. The number of grains per row is defined before flowering, around stage V17. However, climatic conditions and nutritional levels are fundamental to formation and filling of grains (Magalhães; Durães, 2006) . For the trait spike diameter (SD), we evidenced that hybrids originated from the crosses between open pollinated variety G3 and the genitor G1 and G4 resulted a better increment, once the hybrids H 3 and H 5 presented the highest magnitudes and differ of the hybrid H 13 . The utilization of the genitor G3 for the formation of intervarietal hybrids must be prioritized when the goal is to achieve spikes of greater diameter. Studies conducted by Hallauer et al. (2010) , revealed that the heritability on the narrow sense for this trait ranges from 0.30 to 0.50, being classified as a trait of moderated heritability. For the trait spike length (SL), we observed that the hybrid H 11 differed from hybrid H 4 ; however, the other hybrids evidenced no significant differences. Thus, a lower variation is observed among the hybrids evaluated for this trait. These results are similar to those found by Gilo et al. (2011) , who affirm that most of the studied hybrids statistically equalize among themselves for the trait spike length. On the other hand, study conducted by Fernandes et al. (2010) reported that spike length reveals high heritability, being little influenced by the environment. The Pearson's linear correlation for the eleven morphologic traits and grain yield, revealed 55 linear associations, being 27 significant by the test t (p<0.05 of probability) ( and sense was evidenced between the plant height and stem diameter (r=0.32). These associations revealed tendency of plant height increment jointly to the increment of spike insertion height and stem diameter. These results corroborate with Kleinpaul et al. (2014) , which reveals positive associations between plant height and spike insertion height. The correlation allows comprehending the occurrence of associations between traits (Churata and Ayala-Osuna, 1996; Carvalho et al., 2017) . On this way, the trait stem diameter revealed coefficient of correlation intermediate and positive with SL (r=0.30) and NGR (r=0.37) and weak and positive with SGM (r=0.27) and GY (r=0.27). The stem diameter is an important morphologic trait associated with grain yield, as it acts as sustentation and structure of energetic storage. Therefore, plants with larger stem diameter tend to present bigger energetic reserves, which are accumulated during the vegetative period and translocated to the spike during grains formation and filling (Fancelli and Dourado Neto, 2000; Baretta et al., 2017) . Studies of Cruz et al. (2008) , also revealed strong and positive associations between stem diameter and grain yield. Spike diameter (SD) presented strong and positive correlation with SGM (r=0.71) and GY (0.71), intermediate and positive with MTG (r=0.46) and GL (r=0.59), weak and positive with NGR (r=0.29). Due to the increment of grain length, we evidenced a tendency of increment of spike diameter, increment of grains mass and mass of a thousand grains, as well as grain yield. These results corroborate with Entringer et al. (2014) , which observed positive correlations between spike diameter and grain length, volume of grains and spike mass. Spike length (SL) presented strong and positive correlations with number of grains per row (r=0.56), spike grains mass (r=0.60) and grain yield (r=0.60), weak and positive with grain length (r=0.17). Therefore, as higher the spike length is, there is an increment on number of grains to be formed in the rows of the spike (Goes et al., 2012; Nardino et al., 2017) . The mass of a thousand grains (MTG) revealed strong and positive correlation coefficient with the traits GL (r=0.75), SGM (r=0.75) and GY (r=0.75), intermediate and negative with NRG (r=-0.34). Therefore, the increment on grain length relates with the increment of mass of a thousand grains, as larger grains elevate the volume of grains, due to the increment of reserve substances and formation of grains with bigger mass. The bigger mass of a thousand grains is associated with the smaller number of rows of grains. These results corroborate with Entringer et al. (2014) , where the increment of grain length is directly proportional to the increment of grain volume and spike mass. However, there is a reduction in the number of rows of grains per spike. The spike grains mass (SGM) revealed strong and positive correlation with grain yield (r=0.99). The high correlation between these traits is expected because they are closely related. According to Lopes et al. (2007) , grain mass is directly related with mass of grains per spike, and determining to grain yield. Besides, these traits are influenced by several components, among them, spike grains mass, number of grains per row, spike length and diameter (Lima et al., 2006) . The Pearson's correlation is a mean of associations between two traits, emphasizing that correlation between traits does not allow inferring on cause and effect relation (Vencovsky and Barriga, 1992; Churata and Ayala-Osuna, 1996) . Thereby, for determining the direct and indirect influence of a trait to another and associations of cause and effect, the path analysis is applied, showing deployment in direct and indirect effects of independent traits on the dependent (Wright, 1921) . Aiming to reduce the collinearity of the phenotypic correlation matrix, the traits spike grains mass (SGM) was removed from the phenotypic matrix. Then, a weak collinearity was achieved, considering grain yield as the main trait (Table 4) . Spike diameter and spike length present direct effect for increasing grain yield. Besides, this trait showed indirect and positive effects on the number of grains per row. This result corroborates with Fancelli and Dourado Neto (1999) , which evidenced that spike diameter and length directly increase grain yield. According to Lopes et al. (2007) , the best strategy is the simultaneous selection of traits, giving preference to traits with higher indirect effects. Besides, the heritability in the narrow sense must be considered to proceed future selections (Cruz et al., 2004) . The trait number of rows of grains revealed negative direct effect (-0.22) on grain yield, and indirect effects did not contribute to the dependent trait. Thus, the reduction of number of rows of grains per spike results in the increase of grain yield, because, both direct effect and linear correlation presented similar sense and magnitude. Contradictory results were obtained by Balbinot Junior et al. (2005), where the trait number of rows per spike presented the highest direct effect on grain yield of open pollination varieties. The trait spike insertion height presented total positive effect on grain yield; however, the direct effect of this trait on grain yield was negative (-0.130). These results are spurious due the final response being influenced mainly by spike diameter and number of rows of grains. Study conducted by Barbosa et al. (2016) evidenced no direct effect of spike insertion height on grain yield of triple cross hybrids.
The direct effect of stem diameter on grain yield was low and positive (0,139), and the indirect effects of spike length and number of grains per row contributed to increase the total linear associations. According to Jasdanwazla and Khan (1988) , the open pollination varieties and hybrids presented physiological alterations regarding photoassimilates translocation, and their fraction on the traits related to the spike. Canonical variates are linear combinations of original traits that aim to simplify the structure of the data (Cruz and Regazzi, 1997) . Three canonical variates were necessary to represent 81.51% of the total variation of the hybrids, where the first canonical variate represented 47.33%, the second 23.47%, and the third 10.71% of the total genetic variation (Figure 1 ). According to Cruz et al. (2012) , only when the first three canonical variates explain more than 80% of the total variation, its utilization is satisfactory to distinguish genotypes through the tridimensional graphic dispersion. The graphic dispersion for the 13 intervarietal hybrids reveals the formation of five groups, being the group I formed by the hybrids H 3 : G1 X G3, H 4 : G5 X G2, H 13 : G1 X G5. The group II was formed by the hybrids H 7 : G2 X G1 and H 12 : G4 X G2. The hybrids that constitute the arbitrary groups present higher similarity than the highlighted hybrids (Miranda et al., 2003) . The group III was formed by the hybrids H 5 : G3 X G4, H 6 : G5 X G4 and H 10 : G4 X G5. Thus, only on the group III, the reciprocal crosses H 6 : G5 X G4 and H 10 : G4 X G5 remained phenotypically close, jointly with the crossing of two open pollination varieties, which have broad genetic base. The group IV was formed by the hybrids H 1 : G2 X G4, H 2 : G1 X G2, H 8 : G5 X G1 and H 11 : G3 X G1 and the group V was formed by the hybrid H 9 : G4 X G1. The utilization of genitors/parents with narrow genetic base (G2 and G1) results in greater phenotypic variation for the hybrids originated from these crosses, once the allelic complementarity between genitors assumes aleatory patterns, resulting in distinct intervarietal hybrids.
Materials and methods

Experimental Conditions
The experiment was conducted in the agricultural year of 2014/2015, at the experimental area of the Center of Genomics and plant breeding of the Federal University of Pelotas, city of Capão do Leão, with geographic coordinates of 31º52'00"S and 52º21'24"O, and altitude of 13.24 meters. The climate is classified by Köppen as Cfa subtropical, and the soil dystrophic yellow red Argisol (Santos et al., 2006) .
Genotypes utilized and experimental design
The crosses that originated the hybrids were carried on the growing season of 2013/2014, with the genitors described on the (Embrapa, 2013) . Preventive management for pests and weeds was utilized as advised.
Evaluated traits
The traits of agronomic interest were determined based on the methodology proposed by Carvalho et al. (2014) , sampling ten plants randomly in each experimental unit. The measured traits were: Plant height (PH), in centimeters (cm); Spike insertion height (SH), in meters (m); Stem diameter (STD), in millimeters (mm); Spike diameter (SD), in millimeters (mm); Spike length (SL), in centimeters (cm); Spike mass (SM), in grams (g); number of rows of grains per spike (NRG), in unities; number of grains per row (NGR), in unities; cob diameter (CD), in millimeters (mm); cob mass (CM), in grams (g); spike grains mass (SGM), in grams (g); mass of a thousand grains (MTG), results expressed in grams (g); grain length (GL), in mm (mm); grain yield (GY), in kg ha -1 .
Statistical analysis
The data was submitted to variance analysis by the test F at 5% probability. The presuppositions were verified through the residues normality obtained by the Shapiro-Wilk (1965) test, and variances homogeneity was evaluated by the Barlett (Steel et al., 1997) test. Posteriorly, additional analyses were preceded though the Tukey test. The linear associations were obtained through Pearson's linear correlation, and the correlation magnitudes followed classification proposed by Carvalho et al. (2004) . The phenotypic matrix was submitted to collinearity diagnostic aiming to reveal the matrix number of conditions (NC). The diagnostic of multicollinearity between traits of the phenotypic matrix indicated NC <100, representing weak multicollinearity (Montgomery and Peck, 1981) . Carvalho and Cruz (1996) suggest the path analysis with collinearity with all traits. Thereby, it was proceeded the path analysis using grain yield as the dependent trait (Cruz et al., 2012) . Aiming to verify the genetic variation among the intervarietal hybrids, we analyzed the canonical variates following methodology of Cruz et al. (2012) . The statistical analysis was effected though the software (Cruz, 2013) .
Conclusion
The hybrid H 5 : G3 X G4 showed increased grain yield, spike grains mass, number of grains per row and spike diameter. Grain yield of intervarietal hybrids presented positive correlations with the traits stem diameter, spike diameter, spike length, number of grains per row, mass of a thousand grains, grain length and spike grains mass. The traits spike diameter and spike length presented higher direct effects on grain yield of intervarietal hybrids. The canonical variates revealed the formation of five groups of intervarietal hybrids phenotypically distinct.
